A wireless sensor network is a network of distributed sensor nodes each equipped with its own sensors, computational resources and transceivers. These sensors are designed to be able to sense specific phenomenon over a large geographic area and communicate this information to the user. In this work a novel approach to tracking dynamic targets in a sensor field is presented. Using a combination of static and mobile sensor nodes we can track a target through the sensor field. Unlike other tracking methods that are based on computationally complex methods, the strategy adopted in this work is based on a computationally simple but effective technique of dividing the coverage region into grids based on the target location. The algorithms developed are based on a number of reasonable assumptions that are easily verified in a densely distributed sensor networks and require simple computations that efficiently tracks the target in the sensor field. The performance analysis of the tracking system is done on an experimental test-bed and also through simulation and the improvement in accuracy over other methods demonstrated.
Introduction
A wireless sensor network can be defined as a group of spatially distributed sensors wirelessly linked by a RF connection. Primarily developed for the military as a surveillance tool, wireless sensor networks have now proliferated to civilian applications such as environment and habitat monitoring, healthcare applications, home automation, and traffic control. Some of the challenges that need to be addressed in wireless sensor networks include the number of sensors needed to monitor a given area, size of the networks, battery life, data collection and transmission methods, post processing, user display and decision making using the gathered data. Techniques currently available focus solely on homogenous wireless sensor networks either in terms of static networks or mobile networks and suffers from device specific inadequacies such as lack of coverage, power and fault tolerance [1] . Failing nodes result in coverage loss and breakage in communication connectivity and hence there is a pressing need for a fault tolerance system to allow replacing of the failed nodes. Recently, there has been considerable research focused on using mobile nodes as sensor networks. While some of the papers have analyzed mobile sensor deployment strategy other researchers have tried to addresses network issues such as congestion, throughput and delay parameters. The majority of the previous and recent works have in general focused on individual issues such as solving coverage problems, network security, false alarm rates and network integration. They also used homogenous sensor systems that did not entirely reflect real scenarios where it might not be possible to field a homogenous sensor system [2] .
Intruder Tracking in a Hybrid Network
The determination of target location at successive time intervals is equivalent to tracking a target in the sensor web. There are many methods for target tracking such as time difference of arrival (TDOA) and beam-forming methods. While sophisticated TDOA methods involves accurate synchronization between the nodes, which requires high energy and also sophisticated hardware such as an accurate global clock, beam-forming methods require assumptions such as plane wave propagation which might not be the case when the target is too close to the sensor. A method to overcome these drawbacks through the use of a simplistic signal strength measurement from multiple sensors located at known points on the sensor grid is presented. The entire network is divided into cells and one cell will comprise of a few nodes one of which will act as the main node. This main node in the cell runs a signal strength detection algorithm to its nearest neighbor nodes. This algorithm samples and averages the signal strength over a short period of time at a fixed rate. In our experimental design we use a hybrid network that consists of static nodes using Mica mote sensors and Ultra-wide band sensors. The mobile nodes are autonomous or user-controlled unmanned ground vehicles that can be placed at strategic locations to improve the coverage of the static networks.
Static Network
In most sensor networks the sensor nodes are static and have no mobility. They are placed in their location by some form of disposal method in either a random distribution or in a specific pattern to cover the entire region of interest. The two static network sensor devices that are for our work include the Mica mote sensors and the UWB transceivers.
Mica Mote sensors
The mote sensors are equipped with sensors for measuring light, temperature, pressure and humidity levels in the environment. These miniature sensors operate is at 916MHz with a data rate of 40 Kbits/sec. and a range of 30 ft to 100 ft. Each node has a low power microcontroller processor with speed of 4MHz, a flash memory with 128 Kbytes, and SRAM and EEPROM of 4K bytes each.
UWB Sensors
An ultra wide band signal is an electromagnetic signal with a fractional bandwidth of greater than 0.25 with respect to the center frequency. The UWB devices used for this project operate at a center frequency of 4.7 GHz and a bandwidth of 3.2 GHz. Typical data rate at distances of 10 meters is 9.6 Mbps [3] .
Mobile Sensors
In a mobile sensor network each node is a mobile platform with a capability to move to a certain location on the sensor web. The sensor nodes are normally mobile robots that have sensing, computation and communication capabilities. With these mobile nodes the sensor network coverage area can be maximized. Mobile nodes can be unmanned ground vehicles (UGVs) that can be equipped with sensors such as wireless cameras, inertial sensors etc enabling the monitoring of the coverage area in a variety of ways. The ability of actively changing location can be used to mitigate/solve many of the problems of static sensor networks and for optimal placing of sensor for monitoring. Using GPS in outdoor conditions and inertial measurement unit based tracking for indoors the UGVs were able to successfully navigate and send back real-time sensor information to the user control station.
Hybrid Sensor Network
In our experimental design we use received signal strength indicator (RSSI) measurement for the Mica mote sensors and a multi-path signal distortion for the UWB radars to locate the target [4] . For the mobile network, the mobile platform use onboard sensors such as infra-red camera, Sonar and inertial measurement unit to position itself at the user controlled location and use a signal strength algorithm to locate and track the entity. When a target enters the cell the main cell node will detect a change in the RSSI due to interference and signal reflection from the target [5] . Based on comparison to a background noise threshold the main cell node will indicate the presence of the intruder inside the cell. When the target moves to the next cell, this procedure is repeated in the next cell. Using this method the sensor network can track a single target as it traverses inside the sensor network. Using a constant threshold for the main cell node to detect the target will not be feasible as there will be a change in the background noise conditions. Therefore noise is modeled as a Gaussian random variable and the threshold is dynamically adjusted according to the noise variance of detector output so that the detector maintains a constant false alarm rate (CFAR). Using a Cell averaged CFAR processing technique the threshold level is set. The CFAR processor adaptively sets the threshold by estimating the mean level in a window of N range cells [6] .
Results
We measured the accuracy of the sensor network when they were used as independent homogenous systems. i.e. UWB sensor web, mote sensor system or a mobile sensor system and compared it with a hybrid system. Hybrid Sensor system Varying + 2 feet Conclusion A hybrid sensor network system overcomes many of the inherent drawbacks of a homogenous system such as coverage range, battery life and redundancy. From the above table we see that even though the hybrid sensor system is not as accurate as a UWB sensor web the hybrid sensor network is well suited for many applications that require specific features not feasible by just using homogenous system.
